Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 09-045567 
(43)Date of publication of application : 14.02.1997 



(51)lnt.CI. 




HOIF 41/02 
B22F 1/02 
C22C 38/00 
H01F 1/053 






(21 Application number : 


07-191368 


(71)Applicant : 


HITACHI METALS LTD 




(22)Date of filing : 


27.07.1995 


(72)lnventor : 


HASEGAWA MUNEHISA 
SASAKI TAKASHI 





(54) RARE EARTH-IRON-BORON PERMANENT MAGNET MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the magnetic characteristics of a rare earth-Fe-B perma nent magnet 
deteriorated by the cutting or electroplating process by post-heat treating it after forming an anticorrosive film. 
SOLUTION: After forming an anticorrosive film on the surface of a sintered magnet composed of R (= one or more rare 
earth elements including Y) 20-45wt.%, Fe 50-80wt.%, Co 0.1-15wt.%, B 0.5-6wt.%, Cu 5wt.% or less and M (= at least - 
one of Al, Si, Nb, Mo, V, Mn, Sn, Ni, Zn, Ti, Cr, Ta, W, Ge, Zr, Hf and Ga) 10wt.% or less, it is heat treated in an inert gas 
or nonoxidating atmosphere or vacuum at 400-600 deg.C to form a rare earth-iron-born permanent magnet. The 
anticorrosive film is a single or multilayer film composed of one or more elements selected among Zn, Cr, Ni, Cu, Sn, Pb, 
Cd, Ti, W, Co, Al and Ta. 
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* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] R (R is one sort or two sorts or more in the rare earth elements containing Y) 20-45 wt.%, 0.1-15wt% and B 0.5-6wt.%, 
[ Fe ] [ 50-80wt.% and Co ] The manufacture approach of the rare earth-iron-boron system permanent magnet characterized by heat- 
treating at the temperature of 400-600 degrees C among an inert gas ambient atmosphere, a non-oxidizing atmosphere, or a vacuum 
after Cu forms a corrosion-resistant coat in the sintered magnet body surface which consists below of 5wt(s).%. 
[Claim 2] R (R is one sort or two sorts or more in the rare earth elements containing Y) 20-45wt%, 0.1-15wt% and B 0.5-6wt.%, 
[ Fe ] [ 50-80wt% and Co ] Cu - below 5wt(s).% and M (M - aluminum, Si, Nb, Mo, and V -) Mn, Sn, nickel, Zn, Ti, Cr, Ta, W, 
germanium, Zr, Hf, The manufacture approach of the rare earth-iron-boron system permanent magnet characterized by heat-treating at 
the temperature of 400-600 degrees C among an inert gas ambient atmosphere, a non-oxidizing atmosphere, or a vacuum after one sort 
or two sorts or more in Ga form a corrosion-resistant coat in the sintered magnet body surface which consists below of 10wt(s).%. 
[Claim 3] The manufacture approach of a rare earth-iron-boron system permanent magnet according to claim 1 or 2 that a corrosion- 
resistant coat consists of one sort or two sorts or more of elements among Zn, Cr, nickel, Cu, Sn, Pb, Cd, Ti, W, Co, aluminum, and 
Ta. 

[Claim 4] The manufacture approach of a rare earth-iron-boron system permanent magnet according to claim 1 or 2 that a corrosion- 
resistant coat becomes at least one sort or two sorts or more of elements of C, P, S, O, B, and H from at least one sort or two sorts or 
more of elements among Zn, Cr, nickel, Cu, Sn, Pb, Cd, Ti, W, Co, aluminum, and Ta. 

[Claim 5] The manufacture approach of a rare earth-iron-boron system permanent magnet given in claim 1 thru/or any of 4 they are. 
[ whose corrosion-resistant coat is monolayer with a thickness of 1 0 micrometers or more ] 

[Claim 6] The manufacture approach of claim 1 characterized by for corrosion-resistant coats being multilayers, for the thickness of 
the coat which touches a magnet object being 0.1 micrometers or more, and the thickness of multilayers being 10 micrometers or more 
thru/or a rare earth-iron-boron system permanent magnet given in 4. 

[Claim 7] The manufacture approach of the rare earth-iron-boron system permanent magnet according to claim 1 or 2 which forms a 
corrosion-resistant coat further after heat treatment. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] By performing the postheat treatment which formed the corrosion-resistant coat in the rare earth-iron-bbron 
system permanent magnet, this invention improves degradation of the magnetic properties by cutting or electrolysis plating, and relates 
to the manufacture approach of the rare earth-iron-boron system permanent magnet which also raised the adhesion of a coat and a 
magnet object. 
[0002] 

[Description of the Prior Art] In recent years, in connection with small [ of electronic equipment or a precision mechanical 
equipment ], and the commercial-scene inclination of lightweight-izing, a rare earth magnet has come to be used in many fields instead 
of a conventional Alnico alloy and a conventional ferrite magnet in a permanent magnet. The need of the rare earth-iron-boron system 
permanent magnet with which a high energy product is especially acquired also in a rare earth permanent magnet is increasing, and it 
is in the inclination to be a high energy product more than before, and for high coercive force to be required. However, since this rare 
earth-iron-boron system permanent magnet has a low Curie temperature, it has the fault in which the temperature coefficient of a 
residual magnetic flux density carries out elevated-temperature demagnetization greatly. Moreover, it also has the fault of being easy 
to rust since the rare earth elements and iron which are easy to oxidize are used as the principal component. In order to conquer this 
low corrosion resistance, the approach of adding elements, such as Co, Ga, nickel, and Cr, is proposed variously. 
[0003] 

[Problem(s) to be Solved by the Invention] However, even if it is the rare earth-iron-boron system permanent magnet which added 
these elements, perfect corrosion resistance cannot be given. Therefore, if the rare earth-iron-boron system permanent magnet which 
does not have a corrosion-resistant coat is built into magnetic circuits, such as electronic equipment, oxidation will occur from a 
magnet body surface and will advance inside a magnet object. Consequently, magnetic properties deteriorate, engine performance, 
such as electronic equipment, is reduced or contamination by the magnetic substance to a peripheral device occurs according to 
omission of the oxide of a magnet body surface. By such reason, in order to prevent oxidation of a rare earth-iron-boron system 
permanent magnet body surface, various kinds of surface treatment approaches are proposed. For example, there is the electrolysis 
galvanizing method or nonelectro lytic plating method for galvanizing a metal or alloys, such as a vapor-plating method by the resin 
paint by the spray or electropainting, vacuum deposition, ion sputtering, and ion plating, and Cr, nickel. Among these, by the 
electrolysis galvanizing method or the norielectrolytic plating method, in order to perform cleaning or activation by alkali or the acid 
etc. as pretreatment of plating, the layer in which the grain boundary phase which bears coercive force from a magnet body surface 
part at the time of pretreatment was eluted, consequently magnetic properties deteriorated in the magnet body surface section 
generates, and the magnetic properties of a magnet object fall. Especially, with a thin magnet, there is a trouble that the rate of 
degradation in magnetic properties becomes large. ' - >' 

[0004] Moreover, although it is necessary to carry out cutting of the whole surface or the necessary front face of a magnet object . 
before coating in order to build a rare earth-iron-boron system permanent magnet object into electronic equipment, a magnet body 
surface is damaged also at this time, a processing degradation layer generates, and magnetic properties fall. And when coating is 
performed on this processing degradation layer, it becomes easy to generate coating exfoliation in a part for this processing 
degradation layer, and there is a trouble that the adhesion of coating also worsens. In order to improve degradation of the magnetic 
properties accompanying such cutting etc., after forming the alloy thin film layer of metallic elements, such as Ti and W, and rare 
earth elements, such as Ce, La, and Nd, by vapor-plating methods, such as vacuum deposition and ion sputtering, carrying out 400-900 
degrees C and heat treatment of 1 minute - 3 hours in a vacuum or an inert atmosphere is proposed (JP,62-1 92566,A). However, since 
activity rare earth elements are included more than 50at(s).%, while corrosion resistance is bad, it becomes in cost and high. Moreover, 
there is also a trouble that coating to an inner hole and a slot cannot be performed. By JP,63-21 1703,A, in order to raise corrosion 
resistance, the adhesion force, and abrasion resistance, after forming the alloy layer of nickel-P by electroplating or the nonelectrolytic 
plating method, the temperature of 100-500 degrees C and the approach of carrying out heat treatment of 10 minutes - several hours 
are proposed, and after forming a nickel-P plating layer also in the example, the approach of heat-treating at the temperature of 150 or 
1 80 degrees C is shown. However, in heat treatment at the temperature of about 200 degrees C generally known as an approach for 
removing the hydrogen by which occlusion was carried out to plating etc. like this example, since it is lower than the temperature 
which the liquid phase of R-rich equality generates, degradation of the magnetic properties by cutting etc. can be recovered, or 
adhesion of a magnet object and a plating layer cannot be raised. Moreover, in heat treatment of about 200 degrees C, there is a trouble 
of reducing magnetic properties on the contrary. In JP,1-139705,A, carrying out the laminating of noble-metals layers, such as Pd and 
Pt, and the base-metal layers, such as nickel, to a magnet body surface for the purpose of the improvement in adhesion with the anti- 
oxidation sex skin film and a magnet object, and carrying out diffusion heat treatment at 400-700 degrees C is proposed. However, by 
the approach of making the vapor-plating method or noble-metals colloid which forms noble metals, such as Pd and Pt, in a magnet 
body surface by the thickness of 10- 100 A adsorbing, a noble-metals layer tends to become porosity that it is easy to become an 
ununiformity. Therefore, it becomes easy to generate a pinhole in the base-metal layer which this attaches on it owing to, and 
corrosion resistance falls. Moreover, noble metals also have the trouble of becoming in cost and high. There is the approach of adding 
Co element which is an element which makes Curie temperature high as an approach of, decreasing the irreversible demagnetizing 
factor under hot environments like 160 degrees C on the other hand, and raising thermal stability. Moreover, it is known that Co 
addition will raise corrosion resistance. However, when Co element is added, there is a trouble that the heat-treatment-temperature 
range which gives the optimal coercive force becomes narrow, and mass-production nature worsens. Then, while this invention 
improves corrosion resistance and a temperature coefficient by adding Co element, it adds Cu element in order to extend the optimal 



http://www4.ipdl.ncipi.goJp/cgi-bin/tran web cgi ejje 



9/27/2006 



JP,09-045567,A [DETAILED DESCRIPTION] 



Page 2 of 4 



heat-treatment-temperature range which became narrow by Co addition, and it raises mass-production nature The fall of the magnetic 
properties by the corrosion-resistant coat formation to a sintered magnet body surface is prevented, and it aims at offering the 
manufacture approach of the rare earth-iron-boron system permanent magnet which raised the adhesion of a corrosion-resistant coat 
and a sintered magnet object. 
[0005] 

[Means for Solving the Problem] The manufacture approach of this permanent magnet for solving the above-mentioned technical 
problem R (R is one sort or two sorts or more in the rare earth elements containing Y) 20-45 wt.%, 0. 1 - 1 5wt.% and B 0.5-6wt.%, [ Fe ] 
[ 50-80wt.% and Co ] After Cu forms a corrosion-resistant coat in the sintered magnet body surface which consists below of 5wt(s).%, 
The manufacture approach of the rare earth-iron-boron system permanent magnet characterized by heat-treating at the temperature of 
400-600 degrees C among an inert gas ambient atmosphere, a non-oxidizing atmosphere, or a vacuum, R (R is one sort or two sorts or 
more in the rare earth elements containing Y) Or 20-45wt%, 0.1-15wt.% and B 0.5-6wt%, [ Fe ] [ 50-80wt% and Co ] Cu - below 
5wt(s).% and M (M - aluminum, Si, Nb, Mo, and V -) Mn, Sn, nickel, Zn, Ti, Cr, Ta, W, germanium, Zr, Hf, After one sort or two 
sorts or more in Ga form a corrosion-resistant coat in the sintered magnet body surface which consists below of 10wt(s).%, It is the 
manufacture approach of the rare earth-iron-boron system permanent magnet characterized by heat-treating at the temperature of 400- 
600 degrees C among an inert gas ambient atmosphere, a non-oxidizing atmosphere, or a vacuum. Said corrosion-resistant coat Zn, Cr, 
nickel, Cu, Sn, Pb, Cd, Ti, The monolayer which consists of one sort or two sorts or more of elements among W, Co, aluminum, and 
Ta, multilayers, or said corrosion-resistant coat At least one sort or two sorts or more of elements of C, P, S, O, B, and H, It is 
desirable to consider as the monolayer or multilayers which consists of at least one sort or two sorts or more of elements among Zn, 
Cr, nickel, Cu, Sn, Pb, Cd, Ti, W, Co, aluminum, and Ta. this invention - setting - a corrosion-resistant coat - monolayer or 
multilayers — any are sufficient. Thickness of a coat is set to 1 0 micrometers or more when considering as monolayer. Moreover, 
when considering as multilayers, it is desirable to set to 0. 1 micrometers or more thickness of the coat which touches a magnet object, 
and to set thickness of the corrosion-resistant whole coat to 1 0 micrometers or more. Moreover, in this invention, in order to raise the 
adhesion of a magnet object and a corrosion-resistant coat, it is desirable to pretreat cleaning of a magnet body surface, activation, etc. 
before corrosion-resistant coat formation. 
[0006] 

[Function] By performing the postheat treatment which formed the corrosion-resistant coat in the rare earth-iron-boron system 
permanent magnet which made the temperature coefficient of a residual magnetic flux density, and the corrosion resistance 
improvement, this invention improves degradation of the magnetic properties by cutting or electrolysis plating, and relates to the 
manufacture approach of the rare earth-iron-boron system permanent magnet which also raised the adhesion of the coating film and a 
magnet object, namely, the lattice defect which the magnitude of coercive force has in main phase R2F14B used as the bud of a 
reverse magnetic domain since the coercive force device of a rare earth- iron-boron system permanent magnet belongs to the new 
chestnut ESHON type and a rearrangement - a number of - it is - it is determined by the crystalline structure, an amount, etc. 
surrounding main phase R2F14B considered to carry out pinning of the bud of a reverse magnetic domain of a grain boundary phase. 
So, if a crack and distortion generate in the main phase by cutting or the main phase without a grain boundary phase is exposed, that it 
is easy to generate the bud of a reverse magnetic domain, it becomes, or it will be easy to move a magnetic domain wall, it will 
become, and coercive force will decline. Moreover, with pretreatment using the acid or alkali performed at the time of corrosion- 
resistant coat coating, since the grain boundary phase of a magnet body surface part is eluted, the coercive force of a magnet body 
surface part declines, consequently the magnetic properties in the whole magnet object also fall. Especially degradation of magnetic 
properties according to pretreatment of these cutting or plating with the magnet object of a split becomes large. 

[0007] Then, this invention is what utilized for the grain boundary phase the rare earth rich phase which exists in a surplus, and B rich 
equality, and after it forms a corrosion-resistant coat, it relates to the manufacture approach of the rare earth-iron-boron system 
permanent magnet heat-treated at 400-600 degrees C among an inert atmosphere, a non-oxidizing quality ambient atmosphere, or a 
vacuum. The liquid phase of rare earth rich equality does not generate that heat treatment temperature is less than 400 degrees C, and 
the effectiveness of this invention is not acquired. For heat treatment temperature, it is the good better pile which is considered as 450 
degrees C or more more. While this invention raises the temperature characteristic of a sintered magnet object, and corrosion 
resistance by making Co contain By heat-treating at the temperature whose coercive force the liquid phase appears and moreover 
improves after forming a corrosion-resistant coat It is the manufacture approach of a permanent magnet of making the interface of a 
magnet body surface part and a corrosion-resistant coat breathing out in part the rare earth rich phase which exists in a grain boundary, 
restoring the grain boundary phase part eluted with pretreatment of a part for the processing degradation layer generated by cutting, an 
acid, and alkali, and recovering magnetic properties. In this invention, thickness of a corrosion-resistant' coat was set to 10 micrometers 
or more because it was it easy to form a pinhole that the thickness of a corrosion-resistant coat is less than 1 0 micrometers and 
exudation and sufficient corrosion resistance were not acquired for a rare earth rich phase from a pinhole by heat treatment. Moreover, 
since the smooth nature of a corrosion-resistant coat will fall if thickness exceeds 50 micrometers, as for the thickness of a corrosion- 
resistant coat, it is desirable to be referred to as 50 micrometers or less. Although monolayer is sufficient as a corrosion-resistant coat, 
it is desirable to consider as multilayers and to set to 0. 1 micrometers or more thickness of the coat which touches a magnet object. By 
considering as multilayers, the pinholes penetrated from a corrosion-resistant coat front face to a magnet body surface can decrease in 
number, and the corrosion from a pinhole can be prevented. Moreover, since it becomes easy to generate a pinhole to the coat as for 
which a coat tends to become that the thickness of the coat which touches a magnet object is less than 0. 1 micrometers thin with 
porosity and which it attaches on it owing to, as for the thickness of the coat which touches a magnet object, it is desirable to be 
referred to as 0.1 micrometers or more. A corrosion-resistant coat Zn, Cr, nickel, Cu, Sn, Pb, Cd, Ti, W, The monolayer which consists 
of one sort or two sorts or more of elements among Co, aluminum, and Ta, multilayers, or said corrosion-resistant coat At least one 
sort or two sorts or more of elements of C, P, S, O, B, and H, It is desirable to consider as the monolayer or multilayers which consists 
of at least one sort or two sorts or more of elements among Zn, Cr, nickel, Cu, Sn, Pb, Cd, Ti, W, Co, aluminum, and Ta. Although C, 
P, S, O, B, and H have microcrystal-izing and the effectiveness made amorphous and contribute a corrosion-resistant coat to corrosion- 
resistant improvement, as for the plating bath of P, it is more desirable to use C, S, O, B, and H, since it is easy to damage a magnet 
object. When forming a corrosion-resistant coat with electrolysis plating, nickel plating, nickel-S plating, and Cu plating are hard to 
damage a magnet object and are desirable. 

[0008] Hereafter, the reason for limitation of this invention is shown. It is one sort or two sorts or more of combination of rare earth 
elements which contains Y although the rare earth elements R used for the permanent magnet of this invention occupy 20 - 45 wt.%, 
the rare earth rich phase which is a nonmagnetic phase when alpha-Fe generates under by 20wt.%, and high coercive force is not 
acquired but 45 wt.% is exceeded increases, and the permanent magnet of the property which the residual magnetic flux density fell 
and was excellent is not obtained. Therefore, the range of R of 20 - 45 wt.% is desirable, if B is an essential element in the above- 
mentioned permanent magnet, rhombohedron structure serves as the main phase under by 0.5wt.%, and high coercive force is not 
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acquired but 6wt.% is exceeded - B - since a rich nonmagnetic phase increases and a residual magnetic flux density falls, the 
outstanding permanent magnet is not obtained. Therefore, the range of B of 0.5 - 6wt.% is desirable. Since high coercive force will not 
be acquired if it is an essential element in the above-mentioned permanent magnet, a residual magnetic flux density falls under by 
50wt.% and Fe also exceeds 80wt.%, the range of Fe of 50 - 80wt.% is desirable. Effectiveness that it is required in order that Co may 
raise the temperature characteristic and corrosion resistance, and the addition of Co is sufficient by below 0.1wt(s).% is not acquired, 
but if 1 5 wt.% is exceeded, coercive force will decline. Therefore, the addition of Co has the desirable range of 0. 1 - 1 5 wt.%. It is an ' 
element required in order that Cu may extend the optimal heat treatment temperature from which the optimal coercive force is 
acquired and may raise mass-production nature, and since a residual magnetic flux density falls above 5wt.%, below 5wt(s).% of Cu is 
desirable. Moreover, since the optimal heat treatment temperature can be made low by adding Cu, when heat-treating after giving a 
corrosion-resistant coat, crystallization of a corrosion-resistant coat can control some and is desirable. Moreover, in order to raise 
magnetic properties or a physical property of a permanent magnet object etc. nickel, Nb, Ta, W, aluminum, Ti, Zr, Si, Ga, Mo, V, One 
sort or two sorts or more of elements of Sn, Cr, Mn, Zn, germanium, and Hf may be added in the range below 10wt(s).%. The 
permanent magnet of this invention With the sintering anisotropy permanent magnet which anisotropy-ized the alloy powder of a 
crystalline substance with shaping among a magnetic field and which is obtained by carrying out an afterbaking join, the compound 
which has the crystal structure of the tetragonal system in the range whose diameter of average crystal grain is 1-50 micrometers is 
made into the main phase, and a maximum energy product amounts to 20 or more MGOes. After pretreating the rare earth-iron-boron 
system permanent magnet object acquired in this way with an acid or alkali solutions, such as a phosphoric acid and a sodium 
hydroxide, a corrosion-resistant coat is produced by the approach generally [ electrolysis plating, nonelectrolytic plating, a vapor- 
plating method, etc. ] learned. Then, it heat-treats at 400-600 degrees C among an inert atmosphere, a non-oxidizing atmosphere, or a 
vacuum. As the formation approach of a corrosion-resistant coat, a cost side and the electrolysis plating from the homogeneity of the 
thickness of film, and nonelectrolytic plating are desirable. Moreover, the formation postheat treatment of the corrosion-resistant coat 
can be carried out, and a corrosion-resistant coat can be formed further. Since it crystallizes by heat treatment and a corrosion-resistant 
coat becomes weak, reinforcement is also suppliable by forming a corrosion-resistant coat further after heat treatment. When forming 
a corrosion-resistant coat after heat treatment, after pretreating with an acid or alkali solutions, such as a phosphoric acid and a sodium 
hydroxide, a corrosion -resistant coat can be produced by the approach generally [ electrolysis plating, nonelectrolytic plating, a vapor- 
plating method etc. ] learned. Moreover, coats, such as a resin coat, may be formed. 
[0009] 

[Example] Hereafter, this invention is not limited by these examples although an example explains this invention concretely. 
- [0010] (Example 1) The RF dissolution of the magnet alloy which consists of Nd23.5wt.%, Pr7.0wt.%, Dyl.5wt%, 

aluminum0.2wt%, Nb0.6wt.%, B1.05wt.%, Co2.3wt.%, Ga0.1wt.%, Cu0.08wt.%, and the remainder Fe was carried out in the inert 
atmosphere, and the casting ingot was obtained. After fracturing this ingot below on 50mm square, inserted the fracture lump into the 
well-closed container, Ar gas was made to flow for 20 minutes, and it permuted by air, and the hydrogen gas of 1 kgf/cm2 ground 
mechanically after 2-hour processing, and it was made the powder whose mean particle diameter is 500 micrometers. This coarse 
powder was pulverized to the powder whose mean particle diameter is 5.0 micrometers using the jet mill. Filling up with these fines 
the shaping space formed by the dice and bottom punch, and carrying out orientation all over the magnetic field of about 10 kOe(s), 
pressing was carried out by 2 ton/cm2, and the Plastic solid was acquired. This Plastic solid was sintered on 1080 degrees C and the 
conditions of 2 hours, 900 degrees C and heat treatment of 1 hour were performed, and the permanent magnet was produced. The 
10x1 1x8mm (the magnetization direction: 8mm) sample was started from this magnet object, after surface polish, it pretreated with the 
phosphoric acid and electrolysis nickel plating with an average thickness of 20 micrometers was performed using the Watts bath. After 
performing 460-520 degrees C and heat treatment of 1 hour for the sample in which this nickel plating film was formed, in Ar gas 
ambient atmosphere, change of the irreversible demagnetizing factor to whenever [ magnetic-properties and stoving temperature ] was 
measured. Change of the irreversible demagnetizing factor to whenever [ stoving temperature ] is shown in drawing 1 at change of the 
coercive force over heat treatment temperature, and drawing 2 . Sample heat-treated at 480 degrees C to Table 1 QUAD 
SEVASTIANV The adhesion reinforcement of nickel plating film to twist is shown:r Drawing 1 shows high coercive force being 
stabilized by the example 1 which is an example of this invention in the range whose heat treatment temperature is 460-500 degrees C, 
and being obtained. Moreover, from drawing 2 , an example 1 is compared with the examples 2 and 3 of a comparison, and is 
understood that there is little decline in the irreversible demagnetizing factor in an elevated temperature. 

[001 1] (Example 1 of a comparison) The RF dissolution of the magnet alloy which consists of Nd23.5wt.%, Pr7.0wt.%, Dyl.5wt.%, 
aluminum0.2wt.%, Nb0.6wt.%, Bl .05wt.%, Co2.3wt.%, GaO. 1 wt.%, and the remainder Fe was carried out in the inert atmosphere, 
and the casting ingot was obtained. After fracturing this ingot below on 50mm square, inserted the fracture lump into the well-closed 
container, Ar gas was made to flow for 20 minutes, and it permuted by air, and the hydrogen gas of 1 kgf/cm2 ground mechanically 
after 2-hour processing, and it was made the powder whose mean particle diameter is 500 micrometers. This coarse powder was 
pulverized to the powder whose mean particle diameter is 5.0 micrometers using the jet mill. Filling up with these fines the shaping 
space formed by the dice and bottom punch, and carrying out orientation all over the magnetic field of about 1 0 kOe(s), pressing was 
carried out by 2 ton/cm2, and the Plastic solid was acquired. This Plastic solid was sintered on 1080 degrees C and the conditions of 2 
hours, 900 degrees C and heat treatment of 1 hour were performed, and the permanent magnet was produced. The 1 Ox 1 1 x8mm (the 
magnetization direction: 8mm) sample was started from this magnet object, after surface polish, it pretreated with the phosphoric acid 
and electrolysis nickel plating with an average thickness of 20 micrometers was performed using the Watts bath. After performing 
500-550 degrees C and heat treatment of 1 hour for the sample in which this nickel plating film was formed, in Ar gas ambient 
atmosphere, change of the irreversible demagnetizing factor to whenever [ magnetic-properties and stoving temperature ] was 
measured. Change of the coercive force over heat treatment temperature is shown in drawing 1 . Sample heat-treated at 520 degrees C 
to Table 1 QUAD SEVASTIAN V The adhesion reinforcement of nickel plating film to twist is shown. From drawing 1 , the example 
1 of a comparison is understood that change of the coercive force over heat treatment temperature is large. 

[0012] (Example 2 of a comparison) The RP dissolution of the magnet alloy which consists of Nd23.5wt.%, Pr7.0wt.%, Dyl.5wt.%, 
aluminum0.2wt.%, Nb0.6wt.%, B 1.05 wt.%, Co2.3wt.%, GaO. 1 wt.%, Cu0.08wt.%, and the remainder Fe was carried out in the inert 
atmosphere, and the casting ingot was obtained. After fracturing this ingot below on 50mm square, inserted the fracture lump into the 
well-closed container, Ar gas was made to flow for 20 minutes, and it permuted by air, and the hydrogen gas of 1 kgf7cm2 ground 
mechanically after 2-hour processing, and it was made the powder whose mean particle diameter is 500 micrometers. This coarse 
powder was pulverized to the powder whose mean particle diameter is 5.0 micrometers using the jet mill. Filling up with these fines 
the shaping space formed by the dice and bottom punch, and carrying out orientation all over the magnetic field of about 10 kOe(s), 
pressing was carried out by 2 ton/cm2, and the Plastic solid was acquired. This Plastic solid was sintered on 1080 degrees C and the 
conditions of 2 hours, 900 degrees C, 480 degrees C, and heat treatment of 1 hour were performed, and the permanent magnet was 
produced. The 10x1 1x8mm (the magnetization direction: 8mm) sample was started from this magnet object, after surface polish, it 
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pretreated with the phosphoric acid and electrolysis nickel plating with an average thickness of 20 micrometers was performed using 
the Watts bath. Change of the irreversible demagnetizing factor to whenever [ stoving temperature ] is shown in drawing 2 . To Table 
1 QUAD SEVASTIAN V The adhesion reinforcement of nickel plating film to twist is shown. From drawing 2 , the example 1 which 
is an example of this invention is compared with the example 2 of a comparison, and is understood that the irreversible demagnetizing 
factor in an elevated temperature is good. 
[0013] 
[Table 1] 





5 3 0 kg f/cm2 


itttWl 


5 2 5 kg f/cm2 


Jfc«W2 


3 0 kg f/cm2 



[0014] (Example 3 of a comparison) The RF dissolution of the magnet alloy which consists of Nd23.5wt.%, Pr7.0wt.%, Dyl.5wt.%, 
aluminum0.2wt%, Nb0.6wt.%, B1.05wt.%, Co2.3wt.%, Ga0.1wt.%, Cu0.08wt.%, and the remainder Fe was carried out in the inert' 
atmosphere, and the casting ingot was obtained. After fracturing this ingot below on 50mm square, inserted the fracture lump into the 
well-closed container, Ar gas was made to flow for 20 minutes, and it permuted by air, and the hydrogen gas of 1 kgf/cm2 ground 
mechanically after 2-hour processing, and it was made the powder whose mean particle diameter is 500 micrometers. This coarse 
powder was pulverized to the powder whose mean particle diameter is 5.0 micrometers using the jet mill. Filling up with these fines 
the shaping space formed by the dice and bottom punch, and carrying out orientation all over the magnetic field of about 10 kOe(s), 
pressing was carried out by 2 ton/cm2, and the Plastic solid was acquired. This Plastic solid was sintered on 1080 degrees C and the 
conditions of 2 hours, 900 degrees C, 480 degrees C, and heat treatment of 1 hour were performed, and the permanent magnet was 
produced. The 10x1 1x8mm (the magnetization direction: 8mm) sample was started from this magnet object, after surface polish, it 
pretreated with the phosphoric acid and electrolysis nickel plating with an average thickness of 20 micrometers was performed using 
the Watts bath. After performing 200 degrees C and heat treatment of 1 hour for the sample in which this nickel plating film was 
formed, in Ar gas ambient atmosphere, change of the irreversible demagnetizing factor to whenever [ stoving temperature ] was 
measured. Change of the irreversible demagnetizing factor to whenever [ stoving temperature ] is shown in drawing 2 . The example 3 
of a comparison which heat-treated at 200 degrees C after plating film formation has equivalent example 2 of a comparison and 
irreversible demagnetizing factor which do not heat-treat after plating film formation, and drawing 2 shows that the effectiveness of 
the improvement in an irreversible demagnetizing factor is not acquired in heat treatment it is [ heat treatment ] about 200 degrees C. 
[Effect of the Invention] By according to this invention, forming a corrosion-resistant coat in the R-Fe-B system permanent magnet 
which raised the temperature characteristic and corrosion resistance, and heat-treating at 400-600 degrees C among an inert 
atmosphere, a non-oxidizing atmosphere, or a vacuum While making the crystalline-structure section which deteriorated with cutting 
or electrolysis plating restore and improving degradation of magnetic properties, and secular change of magnetic properties, the 
adhesion of the coating film and a magnet object can also be raised and the utility value is very high on industry. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] It is drawing showing change of the coercive force over the heat treatment temperature after plating film formation. 
[Drawing 2] It is drawing showing change of the irreversible demagnetizing factor to whenever [ stoving temperature ]. 
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[Drawing 1] 
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